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FOREWORD

This report is submitted to the Chairman,
Transportation Energy Panel sponsored by the
Department of Transportation for the Office of
Science and Technology.

Presentations and views on assigned topics
and concepts are sorted, discussed, evaluated,
ranked, and examined for benefits in energy
savings. Candidate concepts with the best energy
saving benefit potentials are rated with respect
to time and cost. Conclusions are drawn; recom-
mendations are offered.

%w/@ era o)
S. ANDERSON, Chairman

Workshop on R&D for Fuel Economy
in Automotive Propulsion
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Report of Workshop #8 - TEP

I. IYRODUCTION

A meeting was held on 16-17 May 1972 at Warren,
Michigan to examine the subject of R&D for Fuel Economy
in Automotive Propulsion in accordance with the charge
from the Chairman of the Transportation Energy Panel.
Membership of the Workshop is shown on the attached list
(Appendix A). The Workshop was conducted as cutlined in
the attached Letter of Invitation to the members (Ap-
pendix B).

In order to {(a) summarize the energy challenge, (b)
provide reference highway vehicle power-speed maps, and
(c) provide a "strawman" set of arguments for initial
workshop deliberations and discussions, a set of refer-
ence material (dated 12 May 1972), was provided each
member at the 16-17 May 1972 meeting. This reference
material is attached as Appendix C.

The initial time frame of 0-5 years to affect high-
way vehicle fuel consumption was adjusted at the opening
of the Workshop to encompass an additional increment in
the 5-to-10-year time frame. The extension was deliberate,
to provide a band of overlap with the subject matter of
other workshops within TEP.

II. DISCUSSIONS

A, Topic Sorting

The members presented information and views on
their assigned topics as identified in Incl 3 to the Letter
of Invitation (Appendix B). The prepared material and
references used by members during these discussions is
attached (Appendix D), entitled "Working Papers of Work-
shop #8." Subsequent to the assigned topic discussions,
members each presented a topic of their choice, pertinent



to the subject.

At the conclusion of the presentations

and discussions, topics were sorted, some were combined
into more generic topics, others eliminated based on a

judgment of negligible benefit.

The revised list of

topics for further examination with an initial estimate
of the benefit (energy savings), is given in Table II-1.

10.

11.

Table II-1

List of Topics for Further Examination

Load Factor

Relief from Planned Emissions Controls
Liquefied Gas Fuels

Small Car

Lean Fuel/Air Engines

Extend Analysis of Highway - Vehicle -
Passenger Systems

Small Base Engine with Boost
Reduce Aerodynamics Drag

Tire Design to Conserve Energy
Fuel ~ Engine Match

Idle Shut-~Off

Benefit

10 - 15%

20 - 25%

30%
20%

2 - 7%

15%

5%

10%
Unknown

Unknown




10.

11.

12,

13.

14.

Table II -~ 2

Topics Initiallv Proposed but Eliminated fron

Further Direct Consideration in Workshop #8

Dual Engine
Accessory Disconnect

Town-Country Drive
Line

Drive-Line Match

Utilization of Waste
Enerqgy

Reduce Base Engine
Size

Manual vs Auto Trans

EGR & Emission Spark
Setting Cut-0Out

Regenerative Acces-

SOTY Foeoy
"FPree Tune—Up"

Convert Existing Veh
to Liguefied Gas Fuels

Public Transportation

Two-Car Strategy

Energy Use Limitation
(e.g., tax)

Dispogition

Included under "Small Base
Engine with Boost."

Eliminated -~ Low expected fuel
benefit of 1 - 2%,

Included under "Load Factor."

"Load Factor."

Included under "Small Base
Engine with Boost."

Included under

Renamed "“Small Base Engine
with Boost."

Included under "load Factor."

Included under "Relief from
Plannaed Emissions Controls."

Eliminated - Overall inefficiency
of corverting enscgy into storage

form and subseguent withdrawal
to shaft power.

Eliminated - Lack of information.
Efforts should be intensified to

reduce need for "Tune-Up."

Redesignated "Liquefied Gas
Fuels."

Included in "Extend Analysis of

Highway - Vehicle - Passenger Sys"
g Y g

Included in
Emissions Controls."

Eliminated since this is Socio-
economic Leverage outside
Charter of Workshop #8

"Relief from Planned




II. B. Svrviving Topie Descriptions or Concephs

1. Iwad Factor

a. Basic A&pproach: To operate the engine at its most
efficient speed and loading to provide the power demand
for the particulir vehicle operating condition.

b. Major Componernts Involved: Engine, transmission,

rear axle, and spoed-torgue ratio control system.
¢. Energy Benefit: 10 - 15%

(1) Some experimental results (without full data
available on test conditions, duty cycle, etc.) support
energy savings as high as 20 - 25%.

(2) A conservative level supported by Workshop #8
as realistically and practically achievable across the
entire duty cycle is 10 - 15%.

d. Technology Status: Basic component technology is
availabLic. b 3 cusooubiztl Lhet the propuis.on system
design be reoptimized, with subseguent experimental
verification.

e. Cost Considerations: Providing a greater ratio
coverage, with associated controls, utilizing approaches
such as 1 more speed in the transmission or overdrive,
etc., is estimated to be an initial cost growth of the
order of $100 - $200.

f. Arguments For:

(1) savings in fusl cost of 15% x $400/yr or $60
per yr appears attractive to consumer. Based on an annual
consumption of approximately 1,000 gallons per vehicle
at forty cents per gallon including tax. To adjust con-
sumer savings to untaxed portion of fuel cost, multiply
savings above by 2/3 or 2/3 x $60 = $40.




10.

11.

12,

13.

14.

Table

IT - 2

Topics Initially Proposed but Eliminated from

Further Direct Consideration in Workshop #8

Dual Engine

Accessory Disconnect

Town-Country Drive
Line

Drive-Line Match

Utilization of Waste
Energy

Reduce Base Engine
Size

Manual vs Auto Trans

EGR & Emission Spark
Setting Cut-0Out

Regenerative Acces-
sory Fonio

"Free Tune-Up"

Convert Existing Veh
to Liguefied Gas Fuels

Public Transportation

Two-Car Strategy

Energy Use Limitation
(e.g., tax)

Disposition

Included under "Small Base
Engine with Boost."

Eliminated - Low expected fuel
benefit of 1 - 2%.

Included under "Load Factor."

Included under "Load Factor."

Included under "Small Base
Engine with Boost."

Renamed "Small Base Engine
with Boost."

Included under "Load Factor."

Included under "Relief from
Planned Emissions Controls.”

Eliminated - Overall inefficiency
of converiing en2vgy into storage
form and subsequent withdrawal

to shaft power.

Eliminated - Lack of information.
Efforts should be intensified to
reduce need for "Tune-Up."

Redesignated "Liguefied Gas
Fuels."

Included in "Extend Analysis of
Highway - Vehicle - Passenger Sys'
Included in "Relief from Planned
Emissions Controls."

Eliminated since this is Socio-
economic Leverage outside
Charter of Workshop #8




II. B. Surviving Topic Descriptions orx Concents

1. 1Ioad Factor

a. Basic Approach: To operate the engine at its most
efficient speed and loading to provide the power demand
for the particular vehicle opeveting condition.

b. Major Comwonents Involved: Engine, transmission,
rear axle, and speed-iorgue ratic control system.

c. Energy Benefit: 10 - 15%

(1) Some experimental results (without full data
available on test conditions, duty cycle, etc.) support
energy savings as high as 20 - 25%.

(2) A conservative level supported by Workshop #8
as realistically and practically achievable across the
entire duty cycle is 10 - 15%.

d. Technolngy Status: Basic component technology is
availabie. 4o 46 csaoibtial thet the propuision system
design be reoptimized, with subseguent experimental
verification.

e. Cost Considerations: Providing a greater ratio
coverage, with associated controls, utilizing approaches
such as 1 more speed in the transmission or overdrive,
etc., is estimated to be an initial cost growth of the
order of $100 ~ $200.

f. Arguments For:

(1) savings in fuel cost of 15% x $400/yxr or $60
per yr appears attractive to consamer. Based on an annual
consumption of approximately 1,000 gallons per vehicle
at forty cents per gallon including tax. To adjust con-
sumer savings to untaxed portion of fuel cost, multiply
savings above by 2/3 or 2/3 x $60 = $40.




g. Arguments Against:
(1) Higher initial vehicle cost.

(2) When overdrive systems were offered in the
past, their consumer acceptance was minimal.

h. Workshop Working Paper References:
(1) Appendix C-62, 63, 64

(2) Appendix D - Item 3, Page 80
Item 12, Page 111




2. Relief from Planned Emissions Controls

a. Basic Approach: To consider changes in the
present vehicle emissions control program, where ap-
propriate to conserve energy.

b. Major Components Involved: Engine and fuel
systems with associated auxiliary devices including
exhaust gas recirculation (EGR), thermal reactors,
catalytic reactors, special fuel air ratio control, spark
timing control, and idle speed controls,

c. Energy Benefit: The United States is presently
on a course of action to achieve very low automotive
emissions from all vehicles, particularly from Model
vear 1976 forward. Unfortunately, this monumental effort
will result in energy extravagance in at least the early
part of the 1977-1987 decade. A major factor contributing
to these high fuel penalty solutions has been the tight
timetable and the across-the-board approach. It has been
contended that a slower, more deliberate approach to
emission reduction would allow time for development of
alternative solutions with less fuel penalty. This sum-
mary description deals with the penalty levels presently
indicated.

Energy increase (increased fuel consumption) from
Model Year 1968 to Model Year 1976 was selected by this
Workshop to be 20 - 25%. This selection of 20 - 25% is
consistent with the levels of degradation projected in
the National Academy of Sciences report of 1 Jan 72 and
the Cumulative Regulatory Effects on The Cost of Automotive
Transportation (RECAT) report of 28 Feb 72. RECAT further
reports an expectation that improved control measures and
new types of engines will enter the market and essentially
eliminate the fuel penalty by 1985.




d. Technology Status: EPA has made a recent deci-
sion not to extend the implementation date of the 1975
level of emissions requirements. The major automobile
manufacturers of this country and foreign suppliers con-
tend that technology is not available to meet the 1975
requirements.

e. Cost Considerations: The two major references,
identified in Para c. above, also address estimates of
the initial cost increase of automobiles expected in the
1975-76 models as a function of emissions, damage limiting
design, and safety requirements. The combined average
increase in vehicle acquisition cost is estimated to be
$873 to $1,380. Of this increase, $350 - $500 is assigned
to emissions controls.

f. Arguments For:

Current strategy to achieve clean air was developed
at a time when knowledge and consideration of the effect
on energy consumption was limited. Now that the knowledge
is improved, reevaluation and adjustment to this strategy
should be made with the "energy ethic" in better perspective.

g. Arguments Against:

(1) Such a mid-course change in the utilization of
available U.S. resources, including natural resources,
technical manpower, facilities and R&D investments would
be an extremely ambitious undertaking.

(2) It would require reopening of the issues of
"constant air quality," the "2-car strategy," mass
transportation, and traffic-flow improvements. Such a
master study to achieve the air quality requirement in
a manner which will best conserve the limited U.S. energy
resources may adjust focus of the major corrective alter-
natives away from automobile manufacturer control.



h. Workshop Working Paper References:

Appendix D -

Item 4,
Item 5,
Item 7,
Item 8,
Item 11,

Page 81
Page 89
Page 101
Page 102
Page 110




3. Liquefied Gas Fuels

a. Basic Approach: To convert existing gasoline
fuel automobiles to permit operation alternatively on
compressed natural gas, liquefied natural gas, liquid
petroleum gas or gasoline.

b. Major Components Involved: Engine fuel metering
devices, on-board storage tanks, and specialized fuel
servicing stations.

c. Energy Benefit: An operating experiment by GSA
with automobiles demonstrated 9.3 miles per equivalent:
gallon (based on one hundred cubic ft per gallon) to
9.15 miles per gallon for operation of the vehicles on
gasoline. It is noted that this was an operational fleet
experiment, all major variables were neither controlled
nor measured. Opposite findings are reported in SAE
Paper No. 720125 "Evaluation of Gaseous Fuels for Auto-
mobiles" presented at 10-14 Jan 72 Automotive Engineering
Congress. This paper cites a 16% loss in city fuel
economy (on a mile per BTU basis) for a CNG fueled car.

In addition to this economy loss, there was a depreciation
in acceleration performance of 66%. Further understanding
and rationalization of these differences is required prior
to the acceptance of any positive energy saving benefit.
At this time, the benefit is considered negligible. For
valid comparison, further guantification is required with
both fuels compared at some future emission level.

d. Technology Status: Technology is available.

e. Cost Considerations: The conversion cost is
estimated at about $340 per car in small quantities.

£. Arguments For:

(1) LPG, CNG and LNG have clean burning characteristics
with reference to HC & CO, and hence, reduce part of the



exhaust emissions control problem. The NOx part of the
problens continues.

(2) small fleets of vehicles operating from a
centralized service and refueling shop would result in
a manageable fuel supply system with minimum capital
investment and could result in reduced operating costs.

g. Arguments Against:
(1) 1Initial cost penalty.

(2) On-board space and weight claim of the compressed
gas system.

(3) Lack of readily available refueling points for
compressed or ligquefied gas.

(4) There is continuing concern that all aspects of
the safety issue have not been fully settled. It is
recognized that present experimental installations have
been certified "safe" but being safe in controlled ex-
periments and being safe in large scale use by the public
may involve different dimensions. These existing con-
cerns address such things as:

(a) Denial of access of LG vehicles to tunnels.
(b) Proximity of passengers to high pressure vessels.

(c) Hazard of gas leak from any loss of seal vs
gasoline or liquid fuel-leak paths being limited to
wetted parts of system.

(d) 16 charging stations or stockpiling of recharged

tanks at service stations, for example, on three corners
of four at major road intersections in urban areas.

10




(5) Current total demand for gas exceeds U.S.
supply. Increase of car use of LG would shift the
energy challenge, not contribute to a solution.

h. Workshop Working Paper References:

Appendix D - Item 10, Page 104

11



4. Small Car

a. Basic Approach: To encourage and emphasize the
present trend from standard cars to small cars. Of the
87 million passenger cars in use during base year 1969,
7.7 million were small vs 79.1 million standard and
compact. Annual sales of the small cars have been in-
creasing dramatically, approaching 25% of total car
sales in 1971. 1In base year 1969, the small car density
of 8.9% traveled 8.9% of the miles and consumed 5.5% of
the fuel. Average small car fuel economy is 22.0 miles
per gallon, compared to 13.14 miles per gallon for
standard cars. Fuel savings is, therefore, about 3.4%.

b. Major Components Involved: All; actually the
result is based on a combination of scaling effects,
predominately weight of 4,000 to 2,000 lbs and size

(frontal area ——>- % of standard).

c. Energy Benefit: The energy advantage of weight
and size supports the expectation of substantial savings
(30%) with no trade-off of driveability. Some con-
notations of "small car" accept moderate to severe
reductions in driveability. In such special cases, the
energy savings expectation is greater, but marketability
is believed to be less. Additional savings are expected
if performance (e.g. acceleration) is sacrificed.

d. Technology Status: The "small car" is available
in the marketplace today.

e. Cost Considerations: The initial or acguisition
cost of the small car to the consumer is a substantial
advantage. For comparison, the standard car is assumed
at a consumer price of $3,500 to $4,000 as compared to
the small car at a consumer price of $2,400 to $2,800.
The operating fuel cost advantage to the consumer is also
substantial at 35% x $400 per year, or $140 per vyear.
$140 saving includes tax. Savings on fuel cost not taxed
is 2/3 x $140 or $93.

12




f. Arguments For:
Savings in both acquisition cost and the operating

fuel cost are substantial and believed to be the basic
motivation in the consumer trend to buy more small cars.

g. Arguments Against:

(1) The small car is less safe, particularly in
collision with heavier vehicles,

(2) Less comfortable.

(3) Low carrying capacity--is small and cannot meet
varying demands of larger family sizes for special pur-
poses, such as vacation trips. (This could be offset by
increasing availability and promoting use of rental

"vacation vehicles.")

(4) Less attractive for the single-car family,
but attractive for the multiple-car family.

h. Workshop Working Paper References:
Appendix C-60, 62, 65

Appendix D - Item 11, Page 110
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5. Lean Fuel/Air Engines

a. Basic Approach: This term as discussed in this
Workshop applies to the broadest definition associated
with piston engine types. It includes the diesel and
stratified charge engine concepts. The similarities of
the combustion are initiation of flame in a restricted
fuel-rich zone with excess air surrounding the rich
zone, with control of flame front propagation to
rapidly crossover from the rich region to the lean
region with minimum time at stoichiometric. Other
elements of commonality between the classical diesel
and the newer stratified charge include precise fuel
metering by use of high to moderate pressure injection
systems and unthrottled air delivery with improved inter-
cylinder distribution and intra-cylinder control of
"swirl" in the combustion chamber.

b. Major Components Involved: From the vehicle
viewpoint, this approach involves primarily the engine
assembly. There will be interfacing trade-offs, in-
cluding weight and space claim considerations, and also
presenting a different engine fuel consumption island
map which will change the details of the drive-line
matching compromises.

c. Energy Benefit: 20%

The stratified charge engine offers a higher
energy benefit under part-load, part-speed conditions.
This advantage decreases as load and speed increase.
The diesel engine offers a more uniform advantage,
less dependent on speed and load variations. For sub-
sequent consideration, 20% energy benefit is assigned
as a nominal across-the-board advantage.

d. Technology Status: Diesel engine technology

is well advanced. Further optimization is required to
reduce weight, to trade-off lower emissions of prechamber

14




with the energy conservation of the open chamber, and
to provide aggressive efforts to simplify fuel injection
systems leading to lower cost at higher production
rates. Stratified charge engine technology is on the
verge of completion of substantial exploratory develop-
ment. Expansion to full scale, advanced development at
the earliest time is essential. Like the Diesel, a
concerted effort to simplify the fuel injection system
is important. ©No fundamental technological voids or
obstacles are identified at this time. However,
advanced development with feedback for correction and
engineering refinement is in order.

e. Cost Considerations: Carbureted engines in sizes
from 75-to-250-horsepower can be manufactured competitively
at $3 to $5 per horsepower. For this same range of
powers, fuel injection systems will increase that basic
cost by $1 to $2 per horsepower.  In other words, this
class of lean fuel/air engines as compared to conven-
tional spark ignition engines is expected to have an
increased cost of $150 to $400.

f. Arguments For:

(1) Precise control of fuel and air distribution,
and type of combustion offer the most energy con-
servative solutiomns for reduction of harmful exhaust
emissions products.

(2) Energy conservation of not less than 20% is
substantial., If a hypothetical car engine were at the
200-horsepower size, the acquisition cost penalty is
expected to be about $400 to the consumer. At an
operating cost savings of 20% x $400 or $80 per year,
this includes fuel tax; the breakeven point would be
at five years operation.

15




(3) A reduction of the acguisition cost premium is
envisioned as a result of increasing competition in
design and manufacture of fuel injection systems at
annual rates approaching one million units compared to
present rates of one hundred thousand units.

(4) The effect of feeding back the energy savings
into a constant air quality target could be determined.
With emissions accurately quantified, then there will be
a basis to further consider simplification of chemical
treatment systems, now envisioned for standard engines.
If simplification is supportable, the resulting installed
vehicle power system could provide reduced maintenance
time and cost to consumer.

g. Arguments Against:

(1) The premium and initial cost of engine, and in
turn to the vehicle consumer, is high ($150 to $400,
depending on size). This level of increased cost is
likely to be unacceptable to the consumer if he is going
to be exposed to the acquisition cost increases projected
from emissions, damage limiting design and safety re-
guirements of $873 to $1,383.

(2) The engine will be more complex than the simple
carbureted gasoline engine. The stratified charge engine
will incorporate a fuel injection system in lieu of
carburetion but in addition to the spark ignition system.
The Diesel engine will include a higher pressure fuel
injection system but not a full-time high energy ignition
system. It may require "glow plugs" to enhance cold
startability for car service. Not only does this additional
injection system increase costs, but it also increases
complexity of the base engine. Further effort will be
continued to be required to simplify the fuel injection
system. This is recognized as a substantial engineering
problem and not a technological obstacle.

16
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(3) Production capacity within the U.S. for high
pressure injection systems is limited. A ten-to-
hundredfold increase in this capacity is considered to
be a substantial undertaking even though there are no
major technological barriers.

(4) Advanced developments of the stratified charge
engine and engineering refinements of both stratified
charge and Diesel encines for passenger cars are expected
to require a period of time in the order of five years.
Hence, the expectancy for production readiness is in the
time frame of five-to-ten years forward.

(5) Diesel engines produce odors which are marginal
in certain vehicles, e.g., city buses. (Programs aimed
at increasing the use of Diesel engines in congested
areas should carefully examine the potential aggregate
odor problem and provide assurance that the odor level
is acceptable.) ‘

h. Workshop Working Paper References:

None.
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6. Extend Analysis of Highway - Vehicle - Passenger
Systems

a. Basic Approach: To continue existing efforts
to improve utilization of existing cars, e.g., passenger
loading of 2.2 passenger/vehicle, to improve traffic
flow on existing roads, utilization of existing roads,
and to encourage use of public transportation with
reserved bus lanes and improved mass transit systems.

Some of these past and continuing efforts
have optimized time and safety. Solution alternatives
have not yet fully considered the goal of energy con-
servation. Hence, results should be reviewed and
assigned energy conservation rankings. Available models
should be re-exercised toward minimum energy demand
solutions. A new set of time-energy balanced solution
alternatives should be established.

b. . Major Components Involved: This effori con-
centrates on people, optimizations of road use, modal
or submodal shifts of transportation demand, and does
not deal directly with technology of the dominant high-
way vehicles, cars and trucks.

c. Energy Benefit: 2% - 7%

(1) An example of expected benefit of improved
traffic flow in a to-and-from-work, one-way trip of
9.4 miles supports energy savings potential of 32 to 36%.
This first example is toward the lower end of expected
benefits.

(2) Toward the higher end of the spectrum is the
order of magnitude energy savings anticipated from mass
transit. For example, a shift of 50 passengers from
25 cars to one 50-passenger bus operating in reserved
lanes could result in a ratio of fuel consumption of

18
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7.2:1 (approximately one order of magnitude) in favor
of the bus, or a savings of g.g 100 = 86%.

(3) Both of these examples are simplified and
offered as representative of the many possible solutions
under consideration. However, such simplified examples
should be properly gualified to retain perspective.

(4) The example of improved traffic flow for the
car on a 10-mile, one-way trip offers a fuel savings of
about 35%. But this would be realized where traffic is
congested at speeds of the order of less than 15 mph
with frequent stops. Of the total car miles traveled,
60% is in communities of more than 50,000 population.
In urban areas, 80% of the cars on primary roads and 50%
of the cars on secondary roads travel at speeds greater
than 35 mph. Although data is not readily available
to identify the car miles in a congested traffic situation
as described in the example, it is assumed to be about
20% of total car miles. Therefore, annual energy savings
could be 20% x 35% or 7%.

(5) On the other hand, the bus operating on
exclusive lanes, example is more severely adjusted for
different reasons. Some major factors are that it would
become economically feasible in larger cities, that
density of residences should be high, and perhaps most
importantly that there is uncertainty on public acceptance
and use. Starting with the data that 10% of passenger
car miles are traveled in cities of more than one million
population and assuming that 25% of car travel would shift
to bus, the adjusted annual energy savings would be
85% x 10% x 25% or about 2%.

d. Technology Status: Not applicable.

e. Cost Considerations: Not available to this
group, Workshop #8.

19



f. Arguments For:

(1) Very high expected energy benefit on congested
roads, extending from one example of about 35% to a
simple shift to mass transit with benefit of about 85%
which approaches one order of magnitude improvement.

(2) More comprehensive arguments both for and
against should be identified by qualified transportation
systems experts.

g. Arguments Against:

(1) None obvious to Workshop #8 for improved traffic
flow.

(2) Uncertainty of public acceptance is a primary
concern for "mass transit" as illustrated by the bus on
exclusive lane example.

h. Workshop Working Paper References:

(1) Appendix c-62, 63, 65

(2) Appendix D - Item 6, Page 93
Item 7, Page 101

Item 8, Page 102
Item 9, Page 103
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7. Small Base Engine with Boost

a. Basic Approach: Substitute smaller engine, e.g.,
6-Cyl for 8-Cyl and provide continuous boost device, such
as a turbocharger to provide same power, Fundamental car
or truck performance, acceleration and passing maneuvers,
in particular, would remain constant. The smaller,
lighter base engine provides power demand expected for
some 75 to 90% of the time, Such a smaller engine starts
easier, warms up quicker, has less absolute friction
losses because of size, and less relative friction losses
because it operates more at higher load factors.

b. Major Components Involved: Engines with sup-
plemental boost power. In this concept the boost devices
are limited to increasing of charge densities and in-
clude turbochargers and superchargers with or without gas
bypass or hydraulic or pneumatic "starters." Excluded is
the electric boost commonly called "heat engine - electric
hybrid."

c¢. Energy Benefit: 15%

This approach provides a substantial advantage
below % power demand. Hence, the conservative driver
(moderate accelerations and modest top speeds of the order
of 60 mph) would expect full advantage of 20+%. At
full power demands, this concept could vary from a stand-
off to a slight loss up to 5%. As a conservative
across-the-board saving, this group supports 15%.

d. Technology Status: Basic technology is available.
Effort should be focused on stimulation of turbocharger
suppliers to simplify designs to passenger car levels of
driveability and annual production rates. Such efforts
are expected to result in substantial reduction in small
turbocharger costs. A concerted engineering effort is
required to match turbochargers to specific engines.

21



Reduction in engine compression ratio is expected to
avoid need for fuel with higher octane number. Basic
engines of 4 and 6 cylinders are in full production,
and are available within car and truck companies for
optimization with turbo's to substitute for higher
displacement 6's or V-8's.

e. Cost Considerations: The major engine cost
increase is caused by the addition of the turbocharger
and associated manifold and possibly special controls.
Small (3" wheels)turbochargers are currently being manu-
factured and sold at less than $75 for smaller diesel
engines. A 10-to-100 times annual production rate is
expected to provide a price reduction. Coupled with
some savings in basic 6-Cyl engine cost vs 8-Cyl engine,
the net cost increase of the 6-Cyl engine with turbo-
charger boost is expected to be under $100.

f. Arguments For:

(1) Annual fuel savings of 15% x $400 = $60 (in-
cluding tax), = $40 (excluding tax), could offset
acquisition cost premium of about $100 in less than two
years.

(2) car performance would be constant at consumer
demand level of 1970.

(3) Operating cost savings would continue for life
of vehicle.

(4) Fringe benefits of easier starting, and quicker
warm-up are favorable.

g. Arguments Against:

(1) Acquisition cost to consumer is higher of the
order of $100.
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(2) Engine with turbocharger is more complex than
without.

(3) Abuse of car by extended operations at high
power could lead to shorter life of engine.

(4) Either boosted octane requirement is increased
or part load economy is compromised by reduced com-
pression ratio.

(5) There will be some lag in acceleration and
therefore, some loss in transient performance unless
technology for a turbo "kicker" can be developed.

h. Workshop Working Paper References:

(1) Appendix Cc-62, 63, 65

(2) Appendix D - Item 13, Page 118
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8. Reduce Aerodynamics Drag

a. Basic Approach: To improve shape to reduce aero-
dynamic drag. Energy savings vary linearly with drag
coefficient and frontal area and with cube of speed.

This approach accepts speed trends as they are and does
not envision energy savings regulation of speed.

b. Major Components Involved: Exterior surface
shapes including car bodies, truck cabs and bodies,
tractor cabs and semitrailer bodies and bottoms or under-
carriages of cars and trucks.

c. Energy Benefit: 5%

(1) Depending on specific vehicle weight, size and:
shape, the power required to overcome air resistance 1is
equal to the power required to overcome level road
rolling resistance in the broad range of 35-60 mph. The
lower speed is for the car and higher is for larger trucks.
Drag coefficients for this spectrum of cars through
tractor-trailers are from 0.00125 for 4-door sedans to
0.0025 1bs/ft2 (mph)2 for trucks. A streamlined body of
revolution has De = 0.000075 lbs/ft2 (mph)2 as compared
to a flat square plate with Dc = .00326 1bs/ft2 (mph)2.
Noting that the experimental data on trucks is .0025
which approaches the flat square plate of .0036 vs the
teardrop of .000075, the potential for improvement is a
factor of _.0025 = 133:1.

.000075

(2) 1If an improvement of D¢ of 2:1 could be achieved,
this would reduce air horsepower at about 50 mph to .
This would translate into a 25% energy benefit at steady
state 50 mph level road operation.

(3) Refocusing design attention to this energy pay-

off source is expected to result in at least a 5% energy
pay-off in the real duty cycle for all cars and trucks.
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d. Technology Status: Basic technology is avail-
able. This effort is expected to reguire engineering
trade-cffs of front corner radius o trasinr o 0 oand

semi’ railers vo <ah interios spelw s Qa R
manufacturing process and cost. Re-examinatic,:s of
"belly pan" on cars, etc., are also envisioned. Styling
could be a more formidable obstacle than engineering.

q g
S

¢. Cost Considerations: Unknown at this lime.
First order benefit is expected at minimal or negligible
cost to consumer. Some moderate R&D and engine=ring
program costs would be expected.

f. Arguments For:

(1) Potential energy savings for higher speed
operation (75-80 mph) is very high and could exceed 50%.

(2) Modest improvements at negligible cost are
expected to provide 5% energy benefit for all new cars
and trucks operating on normal duty cycles.

(3) Available technology may have been set aside
inadvertently.

(4) Some energy gain could be expected as an exten-
sion of on-going noise control and highway safety
programs.

(5) Reduction of "bow wave'" effect of truck-car
passing would improve highway safety.

g. Arguments Against:
(1) Program costs and manpower and facility

resources may be in short supply and in competition
with other work assigned higher priority.

25



(2) Shape optimization could detract from individual
styvling.

(2}  Acrodvnamic shapes gen vall- rod -0 wre of
a agiven overall length so that either interio: space
may have to be sacrificed or exterior length may have

to be increased. (Unfortunately this may be particularly
true with small cars.)

h. Workshop Working Paper References:
(1) Appendix C-62, 63, 65

(2) Appendix D ~ Item 6, Page 93
Item 9, Page 103
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9, Tire Design to Conserve Energy

a. Basic Approach: Replace bias ply tires with
radial ply tires at time of tire replacement on in-
service vehicles, and on vehicles during new production,

b. Major Components Involved: Tires primarily with
interfacing verification of vehicle stability as function
of suspension systems compatibility.

c. Energy Benefit: 10%

(1) For vehicles operating at modest to low speeds
generally under 50 mph when rolling resistance is
substantial or dominant portion of power demand, the
potential benefit is about 25%. This advantage diminishes
at higher speeds as air resistance becomes dominant power
demand. Experimental test results, both controlled and
uncontrolled, (operational experiences), support fuel
savings varying from 5 - 7% to 28%.

(2) With a degree of intuitive judgment, this group
supports an expectation of overall energy benefit of 10%.
This is particularly attractive because such a change
could be introduced to all in-service vehicles at time
of normal tire replacement or all vehicles could be
"retired" in about two years.

d. Technology Status: Tire design technology is
understood to be available. The technical issue is to
verify compatibility with suspension systems and fully
assess some reports of poor handling and ride harshness
compromises. There is a continuing uncertainty of
adverse handling resulting from the incompatibility of
mixing radial and bias tires on a vehicle. This doubt
applies particularly to the older in-service vehicles.
The pacing issue appears to be how rapidly the U.S. Tire
Industries can changeover to the different manufacturing
processes for radial tires.
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e. Cost Considerations: Initial cost of the radial
tire is higher than bias tire. The approximate increase
is 30 - 50% with limited U.S. production base. However,
the tread-life advantage is supported by experimental
data to be 70 - 100%. Hence, tire life cycle (2 - 3 yrs)

cost is less.
f. Arguments For:
(1) Energy savings of at least 10%.
(2) Increased tread life 70 - 100%.
(3) Increased traction on wet and snow covered roads.
(4) Puncture resistance.
(5) Increased mobility off road.
g. Arguments Against:

(1) Potential incompatibility with existing
suspension systems.

(2) Initial cost is greater by 30 - 50%.

(3) Limited production base.

(4) Logistics problems during transition, e.g.,
disposal of bias tire inventories, compatible wheel
locations for mixed sets of tires, etc.

h. Workshop Working Paper References:

(1) Appendix C-62, 63, 65

(2) Appendix D - Item 6, Page 93

Item 9, Page 103
Item 14, Page 120

28




10. Fuel-Engine Match

a. Basic Approach: To stimulate and encourage
increased emphasis of fuel-engine compatibility experts,
such as the Coordinating Research Council (CRC), to
provide qualitative and quantitative standards to
measure fuel cleanliness factors which result in dirty
engines after combustion. These deposits are those
remaining within the engine structure in gum, varnish,
and more complex forms. In general, such "dirt"
adversely affects engine performance and durability.
Secondly, these expert groups should be charged with
more extensive studies to fully describe and specify
fuel characteristics which will enhance more precise
fuel delivery to individual cylinders, utilizing carbure-
tion or injection pump systems.

b. Major Components Involved: Fuel-engine
compatibility.

c. Energy Benefit: Unknown

Fuel with improved physical characteristics to
enhance uniform charge distribution could contribute to
elimination of present design practice of nominal over-
rich charges to avoid lean misfire due to variability in
delivery to individual cylinders. "Cleanliness" is
expected to assume even more significance as more devices
are added for emissions controls. It could well become
a substantial factor in the 50,000-mile durability
regquirement.

d. Technology Status: Unknown by this group but
expected to be reasonably in hand by "fuel-engine"

experts,

e. Cost Considerations: Unknown
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f. Arguments For: Defer to fuel experts.
g. Arguments Against: Defer to fuel experts.
h. Workshop Working Paper References:

None

11. Idle Shut-Off

a. Basic Approach: Limited information was avail-
able to the group which identified a technique to shut
engine off when foot was taken off of the gas pedal and
to automatically restart when foot was reapplied to the
gas pedal. The approach is simply to look into this
technique for preliminary assessment.

b. This topic is considered novel and speculative
rather than a growth investment like the preceding ten
topics. As a starting point for a preliminary search,
the device or technique is believed to have originated in
Japan and is applied in the U.S. to gasoline-powered golf
carts.

c. "Energy Benefit: Unknown
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II. C. Surviving Topic Categorization and Ranking

First - attention is devoted to separation of the
eleven topics into two groups: one which is applicable
to vehicles now in service (100 x 106) ; and the other,
to changes that are most likely to be introduced in new
manufacture or at a rate of some 10 x 106 per year.
This means that in Tables II-5, II-8, and subsequent
discussions involving energy benefit forecasts, the
percentages shown apply to each new vehicle as
produced. Hence, with reference to the energy savings
across the whole 100 x 106 vehicle operating fleet,
fuel savings will accrue at 1/10 of the percentages
indicated per year.

Table II - 3

Topics by Categories based on Application

A. Immediate Application B. Effective in New

Production
1. Tire Design (U.S. 1. Load Factor
Production Capacity In-
crease is Required)
2. Liquefied Gas Fuel 2. Relief from Planned

Emissions Controls
3. Systems Studies 3. Small Car

4. Lean Fuel/Air Engine

5. Small Base Engine
with Boost

6. Reduced Aero Drag

7. Fuel-Engine Match -
Further Study Required

8. 1Idle Shut-Off - Further
Study Required
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Next, each of these categories is ranked in order
of energy benefit potential.

Table II ~ 4

Ranked List of A ("Now") Category

Energy Benefit

1. Tires 10%
2. Systems Studies * 2 - 7%
3. Liquefied Gas Fuels Negligible **

Notes: * Some concepts can be introduced new,
others are longer range.

** This 1is a provisional benefit assignment.
It is subject to verification.

Table II - 5

Ranked List of B ("Later") Category

Enerqgy Benefit

1. Small Car 30%
2. Relief from Planned Emis- 20 ~ 25%
sions Controls
3. Lean Fuel/Air Engine 20%
4. Small Base Eng w/Boost 15%
5. Load Factor 10 - 15%
6. Aerodynamic Drag 5%
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With particular emphasis to production readiness
of the six topics for future production, time judgments
are as follows:

Table II - 6

Production Readiness Expectatioh of
Ranked B ("Later") Category

0 -5 ¥rs 5 - 10 Yrs
1. Small Car Yes Yes
2. Relief from Planned Yes Yes
Emissions Controls
3. Lean Fuel/Air Engine No Yes
4. Small Base Engine Yes Yes
5. Load Factor Yes Yes
6. Aerodynamic Drag Yes Yes
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Although very little information was available to
the members on cost for changes not yet completely
defined, there is a basis for judgments in levels of
cost and whether or not they will be more or less to
the consumer. Low is loosely defined as up to
$100 - $200, and high is defined for about $300 -
$500% level.

Table II - 7

Changes of Initial Cost to Consumer

1. Small Car

2. Partial Relief for Planned
Emissions Controls

3. Lean Fuel/Air Engine X

4., Small Base Engine X

5. Load Factor X '

6. Aerodynamic Drag (Negligible)
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An adjusted ranking of "later" concepts listed
in Table II - 5 with preliminary consideration of time
shown in Table II - 6 and cost in Table II - 7 is as
follows:

Table II - 8

Adjusted Ranking Based on Elemental Cost -
Benefit Consideration

Energy Benefit

1. sSmall Car 30%

2. Relief from Planned Emissions 20 - 25%
Controls

3. Load Factor 10 - 15%

4. Small Base Engine w/Boost 15%

5. Lean Fuel/Air Engine 20%

6. Aerodynamic Drag 5%

Primarily cost, but to some extent time of pro-
duction readiness were considerations in displacing
Lean Fuel/Air Engine from 3 to 5 position. Also
simplicity and earlier availability, and absence of
fuel octane increase considerations were reasons for
Load Factor to precede Small Base Engine in final
ranking.
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II. D. Combining Potential of Individual Concepts

1. A preliminary subjective look at combining
potential is believed to be within reason for this
workshop. It is recognized and acknowledged that this
is a comprehensive subject which should have benefit
of intensive analysis. Features which reduce power
requirements such as low resistance tires, small cars
and aerodynamics drag are generally additive; but
features which are designed to reduce the brake specific
fuel consumption of the engine, such as load factor,
small engine with boost, and lean F/A engine are not
additive because they "bump against" the basic thermo-
dynamic efficiency limits of the engine cycle.

2. Starting with the obvious, improved (low energy
consumption) tires reduce the power demand for a given
transportation action and would therefore be additive
to a large extent to all other changes. It may cause
the engine to operate at a lower (less efficient) load
factor at a given speed. This would tend to increase
the pay-off of load factor optimization. On the other
hand, the reduced rolling resistance on the tire will
tend to shift a higher work load to the vehicle brake

system,

3. Perhaps the least additive are Lean Fuel/Air
Engines and Load Factor. The Lean Fuel/Air Engine is
better than the standard gasoline engine, in particular,
at partial loads and moderate to low speeds. Hence,
some of the advantage of Power Train optimization is
achieved thermodynamically within the Lean Fuel/Air
Engine. This changes the speed/torque potential avail-
able for mechanical optimization of transmission and
axle ratios. These two concepts are a strong example
of interaction and interdependency of a subsystem--the
power train.
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4, The Small Base Engine with Boost is a special way to
force most low power demand operations at a favorable
load factor. It offers additional potential for quicker
warm-up, lower frictional losses, and attendant weight
and space claim advantages.

5. In a short workshop, there is no apparent meaningful
way to gquantify additive potential of the changes. The
best we can offer is a consensus opinion based on judgments
of the group. Such a judgment for the combined energy
benefit potential expected from optimization of Tire
Design, Aerodynamic Drag, and Lean Fuel/Air Engine (or

load Factor or Small Base Engine w/Boost) is 30%.

6. Such a 30% reduction on fuel consumed would sub-
stantially reduce the total products of combustion.
Although the profile of harmful emissions content of the
reduced combustion products is unknown, it could be favor-
able. Emissions at this reduced fuel level should be
determined to allow further consideration of alternatives
to achieve air quality goals with minimized use of energy.
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IIT. CONCLUSIONS

A. Based on background and reference information
provided, Workshop #8 accepted the following as given
conditions:

1. Low cost petroleum natural resources are
declining in the United States. Price of fuel is ex-
pected to increase with the dwindling low cost U.S.
natural sources. The price ratio some time in the
future, e.g., 1985 compared to today is not known. Some
synthetic alternatives are projected at 1.5 x today's
price.

2. Petroleum fuel, natural or synthetic, can be
produced to meet transportation demands in the U.S. for
some extended time. There is little doubt that petroleum
can be the dominant fuel through at least 1985,

B. With this frame of reference, the deliberations
in Workshop #8 resulted in the following conclusions:

1. Technology is available to apply to the car and
truck to save energy in the future.

2. A realistic cumulative potential energy savings
is 30%.

3. Preoccupation with achievement of regulatory
requirements, in particular, the 1976 levels of emissions
controls are heading for energy extravagant solutions with
fuel penalty of 20 - 25%.

4. Technology is available to offset this 20 - 25%
penalty by application of resources toward production
readiness of the energy savings technologies. Energy con-
sumption could be held status quo even though emissions
cost would be 20 - 25%.
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5. Energy conservative changes will result in
higher initial cost to consumer even though life costs
most likely will be less, :

6. . Faced with the cumulative regulatory effect on
initial cost by emissions control, damage limiting design,
and safety, the consumer is not likely to be receptive
to additional cost for energy conservation.

7. Although "free enterprise" application of energy
saving changes is considered best, it is unlikely to
happen in the current economic environment.

8. Motivation (consumer pressure) is the key to
rapid progress to achieve energy conservative measures
for which technology is available.

9. Means to activate energy conservative measures
should be addressed encompassing the whole spectrum of
alternatives including socioeconomic, regulatory, legisla-
tive as well as the limited consideration of technological
leverage.

10. In any event the largest contribution to save
fuel in the earliest time frame would be the introduction
of a tire with reduced rolling resistance which, in turn,
could lead conservatively to a 10% reduction of fuel
consumed.
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Iv. RECOMMENDATIONS

Therefore it is recommended that:

1. Available tire design information and experimental
data be re-examined to verify the expected reduction in
fuel consumption of at least 10%, That a knowledgeable
study group, involving at least Government, and Car, Truck
and Tire Industries be assembled to address means to
accelerate availability of such improved tires. Compatibil-
ity of mixed tire sets on existing vehicles should be
verified concurrently by examination of available data
and/or conduct of new experiments as "vehicle-tire" experts
may determine.

2. Factual information be made available to the
consumer through various educational media concerning
conservation of energy and individual consumer operating
expenses for cars and trucks which could be expected from
alternatives such as those discussed in this report.

3. Government agencies and automotive and truck
companies re-optimize their vehicle design alternatives
and identify energy conservative vehicle which could be
made available to respond to the expected consumer demand.
(Consumer demand is expected to be triggered by increasing
cost of energy.)

4, The proper Government agencies examine regulatory
or taxation alternatives on energy use to accelerate an
earlier stabilization of the energy market.

5. Middle time frame highway vehicle planning use
the assumption that natural or synthetic petroleum will
be the abundant fuel through about 1985.

6. Fuel cost growth expectation by 1985 be assumed

at 2.0 x 1970 cost to accelerate earlier stabilization of
the energy consumption in highway vehicles.
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7. The Government sponsor an R&D Program to identify
more clearly engine concepts for highway vehicles with a
tolerance to operate on the promising alternate fuels
being addressed by the energy industries. (Such a basic
study would provide centralized visibility and insight
to improve structure of longer range engine R&D plans
and programs to optimize utilization of limited dollar
and talent resources.)
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v £ravy 10
BHSTARG yoomey 197

One of the major tacks facing the RRD community during the
next few decadasn is to assuvre the availability of an abundant
supply of cnorgy. 'The Federal Councill for Science and
Tceechnology has established an Encrgy R&D Goals Commitice o
follow on the President's inergy Hessage of Juno 4, 1971,
Fanels in eleven different technolosy areas are HEing SHOMNw
sored by cognirant agencies. These covor all aspects of
enerqgy generation, transmission, storage and utilization.

The Department of Transportation sponsored effort is identified
as the Trangportation Encrgy Panel, The purpose of this letter
is to reguest your support in the workshop substructure of

this panol.

On bhehalf of the Transportation Energy Panel Chairman, an
invitation is cxtended for a Reprcsentative of youxr office
to participate as a member of one of eight workshops to be
conducted during May 1972, This workshop is to addrecs
Rescarch and Development for Fuel Seonomy in Automotive
Propulsion,

Appendix B
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o 92
RMSTA-RG ,

I have the assignment as & memboer of the TEP, to oxganize,
chair and report the findings and coacensug technical judguents
of the workshop back to the Transportation Energy Panel,

The theme ef thig Fuzl Econory Workshop is to identlfy, ex-
amineg avwd ranlz technological alternatives to congerve cone
suiption of potroleum fuel in particular in the near time
fraiwe of 0-5 ycars,

This wortshop will neet in Warren, Michigan on 16 & 17 Hay
1972, Dotaile of place and time are incloded in the attached
craflt Agoenda,

Yetrolewn is one off our major sources of encrgy and accounts
fior viztually all of the energy used in transpoxrtation,
Converzely, 53% tb 63% of onr petrolevn is used in {(ranspore
tation., Within trassportation, auvtorobiles consume some

5254 of thig ceneryy. Henca, the dominant transportation
veiitele consumer is the automoblle and short torm conservation
aliternatives should focus attention to the auto.

Recognizing limitations of rhortage of lead time for this
woxltahop, encloscd are drafts of tentative mawbership, Worke
shop Agonda, List of Topices, and CGuildelines for Wovkshop
Monbers. Your early consideration of this invitation would
be appreciated.

Plcase phone your accoptance or the name of your representative
to me at 313/573-2411 or 313/573-2413., Also please pass the
information in this letter to your representative to allow -
mazinum available tine for preparation for the Workshop on

16 & 17 May 1972,
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oL 92
AMSTA-RG

-

I wigh to emphasize my personal conviction of the urgency of
this matter, and sincerely hepe you will be able to share the
knowledae and ewperience of your offices with the workshop
menbers o that we can nake a constructive inpuc to the
Transpoxtation Energy Panel.

Sincerely yours,

/(‘C:~:i‘/'.-:—") // //"lflic,;),’ 7 2.~
4 Incl . VWAYNE S, ANDERSQON
1. Proposed Menhers DOD Representative to
2. Agenda Transportation Enargy Panel
3. List of Topics
4 Guidelinecs for

-

x L4
workshop
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* TRANSPORTATION ENERGY PANEL

Initial List of Topics for Examination

Dual Engine - e.g., 4~Cyl for Town and
8-Cyl for Countrye.

Accessory Disconnect - e.g., Fan, AC,
Power Steer, Generator.

Town-Country - e.g., 2-speed Rear-Axle
or Splitter behind Transmission.

Drive-line Match - Base Design 0-60 MPH
with Stretch Gear (OD) for
70-85 MPH. |

Utilization of Waste Energy from Thermal
Reactor.

Reduce Base Engine Size - Offer Modular
Power Boost Devices such as Super-
charger, hydraulic or electric
accumulators, etc.

Manual vs Auto Transmission - Optimize best
fuel map from engine with least drive-

line loss.

EGR and Emission Spark Setting Cut-Out -

Scheduled excursions reference to power

demand or throttle position.

DRAFT
28 Apr 72
WsSA

Workshop #8 -~ R&D Fuel Economy in Automotive Propulsion

Assignment of
Proponency for
Workshop Discussions

Chrysler Rep

Ford Rep

General Motors Rep

EMA Rep

SWRI Rep

Univ of Wisconsin
Rep

.Wayne .State Universit
Rep

TACOM Rep

Regenerative Accessory Power - Energize loads EPA Rep

like “"generator" during deceleration

only.

46



L 3

Initial List of Topics for Examination

10. "Free Tune-Up" - Adjustment and parts
' replacement advice,

1l. Convert Existing Vehiclesto Liquefied
Gas Fuels,

47

Assignment of
Proponency for
Workshop Discussions

SERS S

FHA Rep

GSA Rep



DRAFT
28 Apr 72
WSA

TRANSPORTATION ENERGY PANEL

Workshop #8 - R&D for Fuel Economy in Automotive Propulsion

Guidelines for Conduct of Workshop

l. Each member will pPrepare two tbpics for presentation to
gl and discussion with the group. The first topic is by arbitrary
assignment identified on Initial List of Topics Draft by wWsa
dtd 28 Apr 72. The second topic is to be a choice of the member.
2. Prepared information will include embellishment of the
given and chosen topic thoughts into a concept outline. Additional
available information and judgments should follow outline in
the enclosedq Agenda. Items 6 & 10 in this outline should be
left blank for completion by thé whole working group,
3. Prepared information will be brought to the Workshop Meeting
ﬁf in 15 copies for distribution to all members for reference and
continuing work sheets during the meeting.
4. Each member will bresent oral summation of the topic concept
and‘significant bros and cons. This informal presentation is

eéxpected to be given in 10 to 15 minutes per topic.

5. Target for end of first day of Workshop is to boil-up a -
preliminary gross ranking the ten best concepts from 11 assigned

Plus at least 11 chosen concepts.
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6. The second day of the Workshop will extend examination of the
ten best concepts via discussion and elementary benefit--cost
consideration.

7. Target for end of second day is to identify program alternatives
to pursue the top five of the top ten list of concepts.

8. Contributions to this Workshop are dependent on the knowledge,
expertise and innovation of the individual members. Use of
Organizational or Company references are for convenience of

identification only.

1l Incl WAYNE S. ANDERSON
Outline Chairman, Workshop #8
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10.

AGENDA

(FOR INDIVIDUAL CONCEPTS WITHIN EACH SUBTECHNOLOGY)

Concept Outline

Objective (transportation point of view)

Present Status

a. Maturity (by reference to objective)
b; Support Level:
National (Federal and Private)
International
¢. Contributors
National (Federal and Private)
International

Qutline of Problems

Recommended Action (for reaching technological readiness)

a. Funding levels

b. Timetable

c. R&D teams

Rank (within subtechnology by comparison to competing concepts)

Estimated Effort, Schedule and Cost to reach commercial readiness,
(gqualification)

Impact onResources

Environmental and Ecological Impact

Conclusions and Recommendations

Incl to Guidelines for Conduct of Workshop #8
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WORKSHOP #8

TRANSPORTATION ENERGY PANEL

REFERENCE MATERIAL

(APPENDIX C)

(For use during Meetings, 16 & 17 May 1972
at TACOM, Warren, Michigan)
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Wayne S. Anderson
Chairman, WS #8
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11 May 1972

TRANSPORTATION ENERGY PANEL

Workshop #8 - R&D for Fuel Economy in Antomotive Propulsion

Membership
Organization
Name Source Phone
1. W. S. Anderson TACOM (313) 573-2411
2. G. J. Huebner Chrysler (313) 956-3534
(J. P. Francischina, Alternate)
3. W. M. Brehob Ford (313) 323-4095
4., C. Marks General Motors (313) 575-1131
5. W. A, Wallace EMA (312) 378-4100
6. J. T. Gray SWRI (512) 684-5111
7. P. S. Myers Univ of Wis (608) 263-1615
8. A. Frank Univ of Wis
9. N. H. Beachiey Univ of Wis (608) 262-3594
10. E. N. Petrick TACOM (313) 573-1142
11. K. Hellman EPA (313) 761-5230
12. C. F. Izzard DOT /FHA (202) 426-0255
13. W. B. Foote GSA (202) 254-5374
14. R. A. Dockus GSA (202) 254-5340
15. R. A. Husted DOT (202) 426-2900
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11 May 1972

TRANSPORTATION ENERGY PANEL

- Workshop #8 - R&D for Fuel Economy in Automotive Propulsion

AGENDA

Meeting to be held in Conference Room Al052 of Bldg #2004,
TACOM, Warren, Michigan. (Enter Mound Road CGate between

11 & 12

1200 -

1300 -

1500 -~

1600

Mile Roads to Engineering Lobby, Bldg 200A.)

Tuesday, 16 May 1972

Introduction and Workshop Goal Review

Member Presentation of Arguments of Assigned Concepts
(1030 Coffee)

Lunch

Member Presentations of Concepts of their Choice
(1430 Coffee)

Consensus Ranking of most Sensible Concepts for

Concentration of Benefit/Cost Consideration on

Wednesday, 17 May 1972

Adjovurn
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0900

1000

1100

1200

1300

1500

1530

1600

Note:

Wednesday, 17 May 1972

Finalize Top Ten Concepts with Raw Ranking of #1
Most Benefit to #10 Least Benefit

Raw Ranking of Top Ten Concepts from #1 Least Cost
to #10 Most Cost

(1030 Coffee)

Adjust Ranking to Integrate Benefit - Cost
Considerations

Lunch

Identify Three Alternate Program Approaches to
Implement Top Five Concepts from Adjusted Ranking

(1430 Coffee)

Affirm Consensus of Workshop Members for Draft of
Proceedings

Interaction with Longer Range Studies

Adjourn

Finalization of Workshop #8 Report by Chairman
by 24 May 1972 with distribution to members for
refinement or agreement by 1 June 1972.
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5 May 1972
"Strawman"
WSA

;rincipal Approaches to Conscrve Fuel
1. Combustion refinements leading to improved efficiency
(egquivalent to reduced SFC from .5 to .4) could provide a 20%
savings in total energy with no change to driveability and top
speed limits. This is a significant potential
savings. The major disadvantage is time. This approach would
most likely mature in the 5-15 yr forward time period.
2. Recduce top speed from 80 to 60 mph would reduce by 25% the
energy consumed by vehicles which operate in that speed regine,
Histogram of vehicle--miles as function of speed would be re-
quired to address absolute savingﬂ; If 25% of total fuel were
in this speed range, then .25 x .25 = .063 or 6.3% savings
would be expected.
3. Driveability power option represents about 75% of the
energy eguivalent via combustion improvement from .5 to .4 SFC.
Since this is output vs input, total energy savings would be
.75 x .20 x 4 = ,60 or 60%. Such a zero reserve power situation
would be unsafe, proviée negligible acceleration at all spceds
and be nonsensical. Some coizpromise of dfiveability may be
practical but at best it would be a part of the 60% potential.

One might start thinking intuitively at the 20% level.
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4., If all fun and accessory power demands were eliminated,
this would rcsult in a 10 x 4 = 40% potential fuel savings.
This is a boundary liwmit, A practical achievable portion would
be like 20%,

5., Transmission and driveline Jloss climination would follow

a similar pattern with boundary savings at 40%. These fixed losses

are less movable. Jlence total energy savings target of 10%

is suggcsted.

6. Rolling resistance is mainly a function of tire loss.

Evidence supports a total energy savings of about 10% with use

of radial vs bhias ply tire construction. This is a most

attractive approach because it 1s technically the ecasicst to

achieve on vehicles in service. Economics and availability of

these tires in quantity required are uncertain.

7. Air resistance power demand is a function of vehicle shape,

frontal area and specd. Size and shape of reference auto is
mph

fixed and the spced effect e.g., 80 to 60 is significant if a

large part of auto usage is in this range., If the portion of

population is small as assumed in para 2 above, then the total

energy savings is low or about 6%.-
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8. Gradec resistonce power demand is a function of vehicie
weight, road surface and grade and speed. At 40 mph, if the
U.S. road system has a nominal grade of 3% vs 6%, the potential
fuel saving would be about 25%. This is unlikely. However,
the increcased use of the Interstate Highways could result in
some savings ifISﬁeed were constant. The tendency to drive at
higher speeds most likely will offset this cffect.

9, Although variations of size and weight are excluded from
Workshop #8 deliberations it is interesting to note that due

to the basically linear effect, an auto of 1/2 weight or 2000
1bs with réduced size and reduceddriveability could be expected

of

to provide a fuel savings of 50 - 75%.
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5 May 1972

Independent Effect or

Preliminary Fuel Savings Potential
Ranking of Scnsible Approaches - (%)
1. Reduce Wgt & Size & Driveability to 50 - 75%

2000 1bs VW level

2. Reduce Fan and Accessory Power 20%
3. Increase Engine Efficiency ‘ 20%
4. Reduce "Driveability" 20%
5. Change to Radial Tires 10%
6. Reduce Transmission & Driveline Loss 10%
7. Reduce Allowable Top Speed from 80 to 60 MPH 6%

Notec:

a. TItemsl & 3 are eliminated from full consideration by Work-
shop #8 because 1 is not a technical choice due to present auto-
mobiles in service and 3 is most likely in the 5 -~ 15 yr foward
time, not 0 - 5 yr,

b. Items 2, 4, 5, 6, & 7 warrant more complete consideration
by Workshop #8.

¢. EIach item (2,4,5,6, &7) would in itself offer a practical
fuel savings potential as listed in table. These individual
effects are based on the premise that other parameters remain
constant. Some of the items can be added and the potential
savings would be additive to some uncertain extent.

d. If all items could achieve full effects and these effects
were completely additive, the summation would be 66% potential
fuel savings. If driveability were retained at the full referenced
1970 level then maximum apparent savings would be reduced to 46%.
If reduction of speed to 60 mph were unacceptable then the apparent -
potential would decline to 40%. (Or the population mpg would be
increased from 13.6 mpg to 1.4 x 13.6 = 19.0 nmpg. )
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Transp & Othor

DOD OIL

USAGHE

Enerqy

DOD Split{Bet)

% of US
Trang 01t

vr (Million Rarrels)| (BTU's x 1015)|jother (20,6 Trans (80%)
1250 124.9 .70 4 .56
51 144.,0 .80 .16 .64
52 144,77 .81 .15 .65
53 181.1 1.01 .20 .81
54 193.4 1.07 .21 .86
55 207 .06 1.16 .23 .93
56 219.0 1.22 .24 .c8
57 266,9 1.49 .30 1.19
58 260.,7 1.45 .29 1.16
59 289.9 1.61 .32 1.29
60 264,2 1.47 .29 1.18
61 277.6 1.55 .31 1.24
62 315.6 1.76 .35 1.41
63 303, 1.72 .34 1.38
64 301.6 1.68 .33 1.35
65 317.2 1.77 .35 1.42
66 342.7 1.91 . .38 1.53
67 388.4 2.17 .43 1.74
68 417 .4 2.33 .46 1.87
69 A41,1 2.46 .49 1.97 13,2
70 382.1 2.13 .42 1.71
71 336.6 1.87 .27 1.50
72 Est 201.8 1.68 .33 J1.35
77 ¥st 2.0 8.7
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CONVERSION FACTORS AND ENERGY EQUIVALENTS

Conversion Yactors

* 1 Kw~-hr (wh)

i

3412.8 Btu
10

1 Mu~-yr = 2,992 x 107" Btu
llHP~hr = 2545 Btu

] HP-hr = 1.98 % 10° £t 1b
1 Hpbr = 2.685 x 10° Joules
1>Watt—hr - 3600 Joules
1 Hp = 0.7455 Ku

. -1 HP = 5§O ft~1b/s?c

Energy Eguivalents

Although the energy content of some fuels can vary
depending on their source, the following energy eqguivalernts
are generally accepted approximations.

COAL:
Anthractice 25.4 x 106 Btu/fﬁn
Bituminous 26,2 x 106 Btu/ton
Sub-bituninous 19.0 x 106 Btu/ton
Lignite 13.4 % 106 Btu/ton
PETROLEUM: |
Crude 5.61 x 106 Btu/42 gal barrel
Residual 6.29 x 106 Btu/42 gal barrvel
Distillate Fuel 0il 5.83 x 106 Btu/42 gal barrel
Gasoline {Motor) 5.25 x ].06 Btu/42 gal barrel
Gasoline (Aviation) 5,05 x 106 Btu/42 gal barrel
6

Jet Fuel, Commercial 5.67 x 10" Btu/42 gal arrel

NATURAL GAS (DRY): . © 1032 Btu/ft3 at STP
NATURAL GAS LIQUIDS (AVG): 4.1 x 105 Btu/42 gal barrel

FISSIONABLE MATERTAL: . '74.0 x 10° Btu/g U-235 fissioned -
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Working Papers of Workshop #8

APPENDIX D
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16 May 1972

DISCUSSION OF DUAL ENGINE CONCEPT

The dual cngine concept where four cylinders are used for local
low spced operation and an additional four are employed only for
conditions where high output is required is one of many schemes
possible to offset the inherent low efficiency tendencies of the
Otto cycle under highly throttled (low bmep) operating conditions.
This problem has always faced automotive designers in the choice
of powerplants; thc compromise betwecen larger engines offering
higher performance and greater durability due to lower bmep and
Jower rpm operation, and small displacements offering superior
fuel economy with the disadvantages of low performance, re-
duced durability noise and vibration problems resulting from

the higher rpm necessary to meet vehicle power requirements.
These factors are well known and bear no further mention.

Dealing specifically with the dual engine, there are two con-
ceptual approaches. First, a common block eight-cylinder

engince where four "reserve'' cylinders arc activated when addi-
tional power is required. When not in operation, these cylinders
would reciprocate in the normal fashion but would not be supplied
with fucl. The second would involve two separate powerplants
coupled with a clutching mechanism. The '"reserve engine' would
only be started and engaged as required. On the surface, both
approaches appear to have the potential to realize large gains

in fuel economy; however, there are many problems to be con-
sidered.

. Problems Common to Both Approaches

Control - The requirements for reserve power dictate a
smooth and rapid transition from road load to acceleration
power. For either case, a sophisticated control system
would have to be developed to start and balance the opera-
tion of the reserve cylinders or engine. Such a fully
automatic control, however, would undoubtedly defeat the
purposec, since the driver will undoubtedly conform to his
usual driving habits, resulting in near constant eight-

cylinder opcration.

Weight - A1l driveline components would have to be sized
to withstand full power of the eight cylinders. There
would also be the additional weight of control and/or
clutching mechanisms. This would tend to reduce the fuel
advantages of the dual engine under local operations and
would result in poor four-cylinder performance.
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Axle Ratio and Torque Converter Matching - 1nc matching
ST the driveline to the dual engine would ultimately have
to be a compromise betwcen four and eight cylinder opera-
tion which would tend to recduce the cxpected gains.

Reserve Startup - The intermittent starting of the re-
sorve cylinders would produce large amounts of hydrocarbon
and carbon monoxide emissions since they would effectively
be cold starts. These cylinders would also require cold
fuel-air cenrichment until they reached normal operating

temperature, reducing fuel economy gains substantially.

1. Problems Unique to the 'Common Block!' Concept

Friction Loss - A considerable amount of power is re-
quircd for the engine to overcome its own internal friction.
|f the common block approach were employed, the operation
in the four-cylindar mode would suffer from friction loss
from all eight cylinders. Data from a typical eight-
cylinder engine at the WOT peak power point shows 156 BHP
with 48 FHP. Very crudely estimating, this would result
in a maximum four-cylinder output of 54 BHP. So, to pro-
vide suitable power for local driving in the four-cylinder
mode, a relatively larger engine would be required. Even
with the greater displacement, much of the operation in
the fractional mode will be at or near WOT which requires
an enriched power mixture. Both of these factors substan-
tially reduce any fuel economy gains.

Practical Considerations - The major mechanical problems
associated with this arrangement are listed without dis-
cussion:

- Flywheel - large enough for four-cylinder opera-
tion smoothness, excessively large for eight
cylinders.

- Varnish and deposits in cold cylinders.

— Excessive oil consumption of cold cylinders due to
large clearances when not in use.

- Separate carburetion and manifold systems.

— Valve control mechanism to prevent pump img
losses in reserve cylinders.

- Controls.

If1. Problems Unique to Separate Engine Concept

Weight - Two four-cylinder engines would weigh approxi-
mately 457 more than a comparable displacement eight-
cylinder engine. Considering the coupling required, they

75




would also require a substantially larger engine compart-
ment, further increcasing vchicle weight.

Clutch - The requirements for coupling are quite involved.
The cngagement must not only be smooth and controlled, it
must also be positively indexed to provide an even spacing
of firing cvents for cight-cylinder operation. Also, to
realize maximum cconomy in cight-cylinder operation, it
should be slipless once engaged.

Duality = Since both engines will be entirely indepen-
dent, there will be a duplication of all components (e.g.,

distributor, oil pump).

Conclusions

Making the liberal assumption that all the technical problems
associated with cither system can be resolved, the separate
engine concept must be considercd the supcrior system since it
does not give away large friction losses during fractional

power operation. Again, referring to typical steady state en-
gine test data, therc is a theorctical potential gain in fuel
economy as high as 25% during four-cylinder operation. However,
the offsetting factors:

- increased weight,
- reduction in high load economy,

- increased proportion of operation under power enrich-
ment conditions,

- increcasc cost of tune-up resulting in more infrequent
maintcnance,

- low performance,

- "cold start' of reserve engines with required enrich-
ment and high emissions, and

- cost
reduce the actual gain of such a system to a marginal level.

To realize this small gain, the driver will have to exercise a
tremendous amount of sclf-control by driving the vehicle in the
four-cylinder mode for all local operation. Based on past ex-
perience, this will not be the case. |If he is provided with a
control system that will automatically engage the rcserve engine,
he will usc the power at his convenience and fucl consumption
will be worse than with the present engine. |If a manual switch
is provided, how can he be prevented from simply leaving it on
the eight-cylinder position? Legislation?
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The expenditures required as well as cost to thc consumer simply
cannot be justified in light of the potentially small gains and
the very real possiblity that the application in every-day driv-
ing may even increasc fuel consumption. Therefore, this concept
does not warrant further consideration.
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10.

~y o~y

ACCESSORY DISCONNECT

Concept Outline: Automatic disconnect of accessories,
when not required, to reduce parasitic friction. Could
also include automatic disconnect of some accessories at
or necar wide open throttle to give acceptable emergency
performance with a smaller, more economical engine.

Objective: To decreasc the power demand and energy
requirement of engine-vehicle accessories.

Present Status: Air conditioner disconnect by magnetic clutch
is in production. Flex and viscous drive fans are in
production.

No known current development work.
Outline of Problem: Technical justifying the cost for
the disconnect system by the small savings possible and

the marketing justification of a high initial cost for a
small savings in operating cost.

Recommended Action: Quantify possible gains and probable
cost with the following concept variations.

a. Common drive and engine-mountced discomnnect to all
accessories.

b. Separate accessory-mounted disconnect at each accessory.
c. Central hydraulic supply for all accessories.

Rank:

Estimated Cost:

Impact on Resources: 2 to 5 percent (rough estimate,
system undefined)

Environmental and Ecological Impact: Reduction in exhaust
emission approximately equal to resource saving (2 to 5%).

Conclusions and Recommendations:
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VARIABLE LIMITATIONS

Constrained

" Individually controlled vehicles

Operate on current highways (wheeled vehicles)
Otto cycle engine.

Maximum vehicle load capability unchanged.

Free

Vehicle weight
Aerodynamics

Power Train "tuning"
Energy storage
Accessory drive

Questionable

Emission performance

1. Coverage of operating modes
2. Two-car strategy
3. Trade-off with level

Government regulations
1. Tune-up

2. Car pooling

3. Restrictive gas tax

Fuel (major fuel must be gasoline for 5 years)

Safety (including implicati'on of energy storage)
Damagability

Overall cost effective? (based on tax free or taxed fuel
cost?)

Operational ease and convenience (auto. trans.?)
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UTILIZATION OF WASTE ENERGY FROM THERMAL REACTOR

Possible Applications for Waste Exhaust Heat:

L.

IL.

III.

Iv.

Compress Intake Air Charge
Additional Power for Vehicle Drive
Power Source for Accessory Drive

Heat Source for Accessories not Requiring Shaft Power

' Store Energy for Use by Engine or Accessories as Needed

8l




10.

Utilize an exhaust turbine to compress the intake air charge.

Concept

Objective

Increase engine volumetric and thermal efficiency.

Present Status

a.

b.

On the shelf technology.

Supported by private industry in U, S, and abroad.

Problemﬁ

Effective only at WOT operation,
Significant increase in back pressure.
Net improvement in economy minimal,
Appliéation would probably increase NO,,

High noise level,

Recommended Actiop

Technology currently available..

Rank

Estimated Effort

Minimal - adaptation to consumer vehicles required,

Impact on Resources

Not defined.

Environmental and Ecological Impact

Could increase NO,, and noise pollution,

Conclusions and Recommendations
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Concept
Use a reaction or external heat engine to supplement horsepower at the
flywheel,
Engine possibilities include:
Reaction Turbine
External Heat Engine
o Steam Engine -
e Stirling Cycle
e Eccentric Drive Heat Engine ,
o Other
Objective
Increase efficiency of overall power system by obtaining direct power
benefit from waste gases,

Present Status

a. No hardware development past concept stage,
b. Support level is nil. |

Problems

° Small external heat engines not developed.

® Coupling to main engine shaft.

° Control of power to match engine output,

e Increase in power package size,

° Slight to large increase in back pressure,
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Recommended Action

a. $5M
b. 1-3 years

Rank

Estimated Effort

$10M and 3-5 years

Impact on Resources

" Not defined. -

Environmental and Ecological Impact

Possible increase in noise pollution.
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Concept
Use an external heat or reaction engine to drive engine accessories which
include the fan, water pump, air pump, power steering pump, alternator,
and A/C compressor, s
Engine possibilities include;
Reaction Engine
External Heat Engine
e Steam Engine
e Stirling Cycle
e Eccentric Drive Heat Engine

o Other

Objective

Drive complete accessory package with auxiliary engine (exhaust heat
powered) allowing primary engine to be optimized more effectively for
road load requirements.‘

Present Status

Technological base is established with regard to most engine concepts,

but there is no activity toward this application,

Problems

° Small external heat engines not developed.

° Coupling to and control of accessory components,

® Exhaust heat and accessory requirement not necessarily consistent,
o Some back pressure penalty.:

e  Bulky underhood pack'age.i

85




Recommended Action

a. $5M
b, 1-3 years

Rank

Estimated Effort

$10M and 3-5 years

Impact on Resources

Not defined.

Environmental and Ecological Impact

Possible increase in noise,
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Concept

Use the waste exhaust heat for passenger heating in winter and cooling with

aqueous NH, absorption refrigeration cycle or thermo-electric air

conditioner in the summer,

Objective

Utilize waste heat with minimum interaction between.the engine and the

system being heated.

Present Status

Technology available but not currenfly supported.‘

Problems

e Quantity of heat utilized is small,
° Servel cycle not readily compatible with moving vehicle,
. Response time for both heating and cooling systems is slow.

Recommended Action

a. $500K
b. 1 year
Rank

Estimated Effort

$1M and 2 years

Impact on Resources

Not defined.

Environmental and Ecological Impact

None
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Concept

Store energy with a mechanical or electrical accumulator for use by the
engine or accessories on an as needed basis. Possibilities include the

Usuper flywheel" and turbo-alternator-battery system,

Objective -

Permit the pﬂmary power source to be designed for minimum average

vehicle requirements with auxiliary power supplied under extreme conditions,

Present Status

a. No hardware development past design stage.
b. Support level is nil,

Problems

° Increase in under-hood volume..v

e Increase in engine back pressure,

° Coupling and control of system.

° Increase in noise,
Recommended Action “
a. $3M

b, 1-3 years

Rank

Estimated Effort

$5M and 5 years

Impact on Resources

Not defined.

Environmental and Ecological Impact

Possible increase in noise, 8
. 8



1. Concept Cutline:

EGR and Spark Timing Optimization.

- 2. Gbjective:

To optimize the settings (or cut-out as appropriate) to provide maximum fuel economy
. within legal emission requirements.

3. Present Stafus:

a. Maturity:  Various individual studies have been peiformed, but a gencralized

conclusion applicable to gasoline internal combustion engines is not available.
b. Support Level: Not known.
c. Contributors: Not known, probably all automotive firms in-house.

4. Outline of Problems:

a. Fuel economy depends on a number of interacting factors, for example:
Percentage EGR; Spark Timing; Air/Fuel Ratio.

b. Assuming that a minimom performance level is a requirement, as is the meeting
of emission levels, the problem appears to be the investigation of control circuitry fo
optimize ECGR und spark timing.

5. Recommended Action: Initiate contracts to investigate and recommend conirol
circuitry to optimize EGR and spark timing ot various load levels (and air/fuel ratios)
for: 4 cylinder, 6-cylinder in-line, and 8-cylinder Vee engines.

a. Funding Level 10-man team on each of the three sizes of engine, or:

3 x 10 men x $50,000/mon = §l,500,000 per year.

- b. Timetable: 1 year for the tnree parallel studies (10 men each), followed by
| year finalizing the conirol circuitry applicable to all engines (30 man effort). Total
time: 2 years; totol cost $3,000,000.

c. R&D Teams: Solicit industry for proposals.

6. »I}_gnk:
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7. Estimated Effort, Schedule, and Cost to Reach Commercial
Readiness:

a. R&D Phase:

2 years, $3,000,000 (see Item 5 above).

b. APE_(Advanced Production Engineering) Phase: 2 years;
$6,000,000 (based on R&D/APE ratios for engine development).

¢. Tooling Costs: Not known at this time.

8. Impact on Resources:

Per Fig 12 attached, range in fuel consumption by adjust-
ment of spark timing¥* is:

AMPG = Best Economy - Worst Economy
Standard Engine Economy
= 20.6 - 17 = 3.6
20 20
AMPG = 18% or AEnergy & 17%

Per Fig 13 attached, range in fuel consumntion by adjust-

ment of EGR* jic somewhal gimilar ov.
= 20.7 - 17 = 3.7
19.9 19.9
AMPG = 18.5% or AEnergy & 17%

Since these factors are inter-related, results will not be
additive, nor will they be as optimistic. A reasonable estimate
would appear to be:

A 10% impact on resources.

9. Environmental and Ecological Impact:

None, since it is assumed that the same emissions levels
will be obtained in either case,

10. Conclusions and Recommendations:

x Other factors being 90
held constant.
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N u. S DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINESTRATEON

SUBJECT: 1971 "Traffic Speed Trends" Report FHWA NOTICE

oo : Movember 22, 1971

HP-13

Attached is a copy of the 1971 "Traffic Speed Trends'" report based on
data collected by 38 States during 1970. As shown in the report, the
trend in speeds decreased slightly during 1970, The average speed
for all free-moving vehicles of 59.2 m.p.h. on main rural roads for
1970 was about 1 m.p.h. less than 1969. The average is based on
speeds of 60.6 m.p.h. for passenger cars, 54.7 m.p.h. for trucks and
58.8 m.p.h. for buses.

The data indicate that more than 50 percent of the free-moving vehicles
on straight, open sections of main rural roads exceed 60 m.p.h. in

the majority of States and that the percent of vehicles exceeding

60 m.p.h. has nearly tripled in the past ten years. Average speeds
over the past ten years have increased about 7 m.p.h.

In 1970, speeds on completed sections of the Interstate System
averaged 63.8 m.p.h. for all vehicles. Twenty-two percent of the
vehicles exceeded 70 m.p.h. on Interstate routes. This was almost
double the percent exceeding 70 m.p.h. on all main rural roads, which
include the Interstate System, and three times more than on rural

primary roads.
///ég?é; /éihtzfiéia“7

G. E. Marple
Assoclate Administrator
for Planning

Attachment

DISTRIBUTION: Headquarters
Regions
Divisions . 93




U. S. DEPARTHENT OF TRANSPORTATION ‘,_;“f/;wm,‘ oy ‘ e e
&7 f T a ’ g/ m a b A
FEDERAL HIGHWAY ADMINIOTRATION :»ﬂj { w 3 ! -
WASHINGTON, D.C. 20590 e g £ |
- TRENDS

November 1971

Data resulting from spced studles conducted in 1970 by 38 States are
summarized in the enclosed tables 1, 2 and 3. The information shown in the
tables was collected on level, straight sections of main rural roads and on
urban streets during of f-peak periods of the day when traffic densities
were low and drivers traveled at their desired specds. Speed data have
been collected by the States and summarized by the Federal Highway
Administration since 1942. Speed information for Alaska and Hawaii are
included in the tables for the first time. However, data from these States
have been omitted from the totals in order to maintain comparable figures

with previous years.

As shown in figures 1 and 2, nationwide average vehicle speeds in 1970
decreased from that of the previous year. The 1970 average speed for all
regions was 59.2 m.p.h. compared to 60.0 m.p.h. for 1969 on main rural
roads. This is the first time that a decrease has been recorded in nation-
wide average speeds since 1949. Figure 1 shows that average speeds
decreased but that the percentage of vehicles exceeding 50 m.p.h. and

60 m.p.h. increased on a national basis. The percentage of vehicles
exceeding 70 m.p.h. and 75 m.p.h., however, decreased. Average speeds
decreased in all sections of the country, except for thc eastern region

. which remained about the same as in 1969. Detailed data are listed in the

tables showing average speeds and percentages of vehicles, by type,
exceeding speeds from 35 m.p.b. to 75 m.p.he F00 7 oo drerements by
region and State. Deta fox corpleted Interotats onolic. are included.

As shown in figure 2, the average speeds for passenger cars and buses
decreased about 0.5 m.p.h., while the average speed of trucks changed only
slightly during 1970. The average speed of trucks is about 6 m.p.h. below
passenger cars and about 4 m.p.h. below buses.

Table 1 summarizes speed data by State and regions for main rural roads.

It shows an average speed for all vehicles of 59.2 m.p.h. which is almost

1 m.p.h. less than 1969. Average speeds over the past 10 years have
increased about 7 m.p.h. Twelve percent of all vehicles traveled over

70 m.p.h. on main rural roads during 1970. Of the continental States
reporting, Arizona and Nevada recorded the highest average speed, 64.6 m.p.h.,
while Teneessee recorded the lowest, 49.1 m.p.h. :

Data resulting from speed studies on completed sections of the rural
Interstate System by States are included in table 2. The average speed of
all vehicles was 63.8 m.p.h., compared to 64.0 m.p.h. for 1969. On these
completed Interstate routes, 69 percent of the vehicles traveled over

60 m.p.h. and 22 percent traveled over 70 m.p.h.
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Table 3 includes data for various types of highways and some individual
freeways. It shows that average speeds on the completed portions of the
rural Interstate System are about 6 m.p.h., greater than on the existing
rural Interstate traveled-way. sections. The Interstate traveled-way
consists of older roads whichiconnect completed portions of the Interstate
System and presently serve thé traffic which will use the Interstate
System when completed. The information alsorindicates that average speeds
on completed rural Interstate routes are about 5 m.p.h. greater than on
existing main rural roads. The main rural category includes toll and free
gsections of completed rural Interstate, rural Interstate traveled-way, and
other primary roads.
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PERCENT

MILES PER HOUR
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- Table 1
Average annual passenger car travel in thousands of miles classified
by vehicle class’and population group of residence of the operator: 1969

Vehicle class
Population Number
group of Light Medium Heavy | Foreign of
residence American { American | American | Autos Samples
Unincorporated 12.4 12.7 11.1 13.2 1684
.Incorporated . X
Less than 5000 ’1.0.7 11.5 13.8 12,1 514
5000 - 24999 11.3 12.0 4.4 | 11.6 909
25000 - 49999 9.7 13.0 10.4 13.4 370
50000 - 99999 | 10.3 11.7 8.9 | 11.7 400
100000~ 999999 | 10.9 T 11.4 12.4 12.5 785
1000000 & over | 8.5 11.5 | 8.0 | 13.5 250
Total incorp. | 10.6 11.8 11.7 | 12.4 3228
TOTAL ? 11.2 Co12.1 11.6 12.6 4912
No. of samples :2891 1482 160 379 4912

Source: Nationwide Personal Transportation Study
U.S. Bureau of Census for FHWA
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Facts

Computations

(A)

(B)

(c)

Fuel
Savings

(A) over (B)

(A) over.(C)

May 15, 1972

Fuel Economy in Passenger Car
4000 1b.

34 percent of vehicle miles are to and from work.

9.4 miles is average length of “trip.

This one-way trip would take about 9.4 x .05 = 0.47 gallon
for warmed-up engine under ideal driving conditions -
level straight road free-flowing traffic at BQf mph.

If this trip is with cold engine fuel consumption is
increased about 20 percent above that for warmed-up
engine or to 0.56 gallon.

If trip involves driving over arterial streets, no parking,
but with 2 stops per mile, multiply fuel consumption by
L.40. vold engine 0.50 x 1.40 = 0.0z gariou.

Supposing one mile of trip is in CBD on 6-lane street with
parking, 10 stops in mile, 200 vehicles per hour one-way,

and assuming cold engine for return trip home, that one

mile would require 3.6 times as much fuel as ideal conditions
or 3.6 x 0.05 = 0.18 gallon. Remaining 8.4 mi. @ 0.056 x 1.46
= 0.69 gallon total for trip home 0.87 gallon or average
mileage of 10.8 miles/gallon.

(.82 - .56)100

_ =3 = =28 x'100 = 31.8%
(.87 - .56)100_ ;2%.x 100 = 35.6%

.87 .8
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Item 2 Reduce

i May 15, 1972

Discussion: Principal Approaches to
Conserve Fuel (5 May '72)

Question:

Answver:

top speed from 80 to 60 mph.

Assuming reduction in speed could be attained, which is doubtful,
what percentage of passenger cars travel at 80+ mph and what
saving in total fuel consumption could be expected?

About 6 percent of cars on main rural highways do travel in
excess of 75 mph when road is level and straight (so-called
desired speed). The total vehicle miles of travel on main
rural roads in 1970 was 310 x 109. Arbitrarily assuming that
only half of the main rural roadg are level and straight one
might estimate that % x 310 x 109 x 0.06 = 9 x 109 miles are
being traveled at speeds in excess of 75 mph.

The gasoline consumption for a typical 4000 1b. passenger car
is about 0.075 gal. per mile at 75 mph and 0.058 gal. per
mile at 60 mph. The saving of 0.015 gal. per mile times

9 x 109 miles equals 135 x 100 gals. total saving from
reduction in speed.

This potential saving of 135 million gallons of gasoline
amounts to 135/66,000 = 0.2 percent of the total fuel
(66,000 million gallons) consumption by passenger cars.
Even if the saving were doubled as it might be by assuming
that passenger cars can and do travel at high speeds on
grades the saving in fuel would still be around 0.4-0.5
percent.

My personal opinion is that, in relation to other alternatives,

effort devoted to curtailing top speeds solely to conserve fuel
is not worth pursuing.
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16 May 1972

CONVERT EXISTING VEHICLES TO LIQUEFIED GAS FUELS

1. CONCEPT

The reduction in energy (BTU) requirements to power the motor
vehicle by utilizing natural or liquefied gases as an alternate fuel to
gasoline,

2, OBJECTIVE

The systematic substitution, in fleet owned vehicles, of gasoline
as a prime internal combustion engine fuel with a gaseous or lower
energy, cleaner burning fuel -- natural gas, in a liquid (LNG) or
compressed (CNG) state, or liquid petroleum gas (LPG).

3. PRESENT STATUS

A. Maturity - Natural gas has been used ae 2 fuel for the 1. C, E.
in the gas transmission industry for several decades. Additionally,
LPG has been used to power industrial equipment for many years. The
expansion of this technology h:as, during recent years, grown in its
applicability to the motor vehicle, especially the use of natural gas. It
has been reported that approximately. 300, 000 units are nc;w operating
on LPG; about 10 percent aré motor vehicles. There are now over
3,000 CNG vehicles and 500 LNG vehicles operating in the United States.

B. Support Level - The support of this concept has been furnished

by many diversified interested organizations for various reasons. Two
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of the main reasons are economic and environmental. For example,
natural gas has been used as a vehicle fuel in Italy and France for
many years for economic reasons béecause of the high price of gasoline.
Japan has the largest fleet of taxicabs in the world that is operated on
LPG. This is for economic and ecological reasons.

In the United States, the use of these fuels has drawn expanding
interests among a great diversity of governmental and private parties,
and the interest is divided equally between the ecologists and economists.

C. Contributors - The gaseous fueled vehicle concept has had at

its disposal a wealth of information shared by the many organizations

" either producing or utilizing the equipment or products now available,
This exchange of data and information has resulted in changing technology
and equipment improvemenf.

4, OUTLINE OF PROBLEMS

A. Fuel Supply

B. Hardware Availability

C. Initial Capital Expenditure

D. Advanced Technological Research

5. RECOMMENDED ACTION

A, Funding Levels - Initial capital outlay for the equipment in its

current state will be the single most costly expenditure. As the state of
the art advances and quantative purchase power is exerted, equipment cost

should curtail.
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Funding for existing projects has beer shared by governmental,
industrial anri private lorganizations. For example, recently the
National Transportation Center announced a pilot project to equip city
transit buses, diesel powered, with liqﬁid natural gas fuel systems.
Costs for the project are being shared by the Center, the Federal
Government, and the four cities which will operate these buses.

We recommend this practice con’cim._le, but be expanded to include
the gas industry and the automotive manufacturers.

' B. Timetable - The technology is available now. The refinement
of existiné systems can be accomplished within a short period of time.

We recommend that industry involvement be accelerated so that
their expertise and rcsouces can contribute to short term implementation.

C. R & D Teams - Various Federal and private organizations are

now testing, evaluating and refining systems utilizing gaseous fuels.
Additional R & D, for example, by the automotive manufacturers and
the gas industry, could provide valuable assistance in optimazation of
equipment and systems.

We. recommend a committee be formed to oversee the entire gaseous
fuel concept. This committee should consist of representatives of -
governméntal and industfial organizations that can contribute to this

concept. At its disposal should be the neceded cooperatién of Federal,

106



automotive and gas industries, including their R & D functions.

6. RANK

7. ESTIMATED EFFORT

Although basic resfearch in this concept is well beyond the thinking
stage, ad‘ditional reseaé;h commitments cove‘ring advanced technology,
resources and material ;vailability must be investigated.

A budget of approicimatél? $2 million should suffice in expanding
the current state of the art. This amount, controlled by the afore-
mentioned committee and made available from Federal and industrial
sources, would covér, in the order 1.isted, the following schedule:

A. Accumulation of existing data and information on the current
state of the art.

B. Study the impact of the concept on the natural resources.

C. Advancement of technology on existing equipment.

D. Advancement of the concept to encompass the manufacturing of
vehicles and their power plants to the optimum operation on gascous or

liquid gases.
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E. To study the impact and feasibility of expanding the concept to

include all motor vehicles,

8. IMPACT ON RESOURCES

Current trends indicate that fuel economies for gasoline powered
vehicles will not improve in the near future, but will deteriorate as
vehicle emission standards become more stringent. The addition of
exhaust gas recifculating and catalitic converter equipment to achieve
1975-76 exhaust emission standards will increase fuel consumption,
The clean burning qualities of natural gas can off-set this potential

-

increase in fuel energy drain,

In a report written of our first experience in natural gas fueled
vehicles, it was indicated that natural éas vehicles obtained a better
miles per equivalent gallon than gasoline powered vehicles. The gas-
oline vehicles operated at 9. 15 miles per gallon and vehicles cperating
on natural gas obtained 9. 30 miles per equivalent gallon (based on 100
cubic feet per gallon).

It should be noted that these statistics were obtained from 24 vehicles;
12 operating on gasoline and 12 on natural gas. Addi’cionally, the vehicles
operated mainly at low speeds and for high idle periods.

A zealous gaseous fueled vehicle effort will have a real impact on
natural and liquid gas supplies. However, the trade-off achieved could

reflect a savings in energy.
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9. ENVIRONMENTAL AND ECOLOGICAL IMPACT

Attached is a brief history of GSA's Dual-Fuel Program. Included

are data which relate to the reduction in vehicle exhaust contaminants

achievable by using natural gas in lieu of gasoline.

10, CONCILUSIONS AND RECOMMENDATIONS

109




16 May 1972

COMMENTS ON

SMALL VERSUS STANDARD-SIZE PASSENGER VERICLES

Referance:  Anaivsis of Eneigy Consenpiion of Highway Vehicles Related to

Transportation Service, 1962,

[. Passenger vehicles use 70% of the fuel consumed by highway vehicles:

Passenger Cars: 62,325 (106) gallorns
Total: 88,122 (10%) gallons

Passcnger density is the same for small and standard-size passenger vehicles.

N

Both: 2.2 pussengers/vehicle.
3. Small passenger vehicles are:
(@) Less comfortable
(b) Less safe, paiticularly in encounters with heavier vehicles.

(c) But perform acceptably (not necessarily optimally) in existing highway
sifuations.

4. Present alternate engine approaches to meet emission standards are sized to meet
standard passenger vehicle specifications:

Sce "Vehicle Design Goals ~ Six Passenger Automobile,” EPA Advanced
Automotive Power Systems Program, Revision B = May 28, 1971.

5. Small possenger vehicles have about 70% improved fuel economy over standard-size

vehicles.

Small vehicie: 22 mpg
Standard vehicle: 13,14 mpg

6. Recommended Action:

Since this concept (i.e., small passenger vehicle in 2000 tbs GVW range) has
highest potenticl for transportation encigy resource conservalion, without adversely
impacting passenger density, consider feasibility of:

(a) Writing a specification for ihis size vchicle.

(k) Studying impact of primary utilization of this size vehicle within 10-year time
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NYDROSTATIC vs, TORQUIFLITE

POTENTIAL ADVANTAGHS RELATED DEFICIENCIES
STEPLESS RATIOS ETFFICTENCY VARIATION
LIMITED REVIERSE TORQUE
(size)
HYDRAULIC NOISKE
WEIGHT
LOW AXLIE RATIO AXLE NOISE ?
1. IMPROVED ECONOMY
2. REDUCED JIENGINE NOISE - ~ FAN NOISEE?
(lower speed) '
IMPROVID PERFORMANCE ENGINE NOISE AT BREAKAWAY
VARIABLE BRAKING REQUIRES CONTROL,

PUSII START

NO CRERD
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b/1lb/ 12

CHOSEN PRESENTATION

Concept Name: Energy storage amplification through increased
inlet air density.

1. Concept Outline: Use stored energy to increase the mixture
density supplied to a small displacement engine to "amplify"
the energy and thereby reduce the amount that needs to be
stored.

a. Charge density modifiers
1. Super (turbo) charger
2. 1Inlet air chiller

b. Energy storage

1. Compressed air

2. Fly wheel

3. Hydraulic accumulator
4. Electrical

2. Allow the use of a small engine in order to increase load
factor under normal operation and thereby reduce fuel
consumption.

3. Present Status:

a. Past work - GM rescarched a system with compressed air
energy storage that used an ejector type fluid dynamic
compressor in the induction tract (in the air cleaner
inlet tube). The system gave V-8 performance from a
6 cylinder engine with essentially 6 cylinder engine
economy. It did not go into production because of
complexity and concern with short-term availability of
the ejector compressor.

b. Preferred system - A turbocharger can give considerable
boost but has poor transient response. Compressed air
acting on a special section of the turbo wheel could
be used to very quickly accelerate the supercharger.
Alternately, a rapidly rotating flywheel could be clutched
into the compressor wheel, or the hydraulic output from
the power steering pump used. (Note: that this later
suggestion is not technically a stored energy approach) .
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Outline of Problems: The most basic technical problem is
the poor match of octane requirement for normal and peak
power operation. Normally peak power operation required

a reduced compression ratio which compromises efficiency
at normal power output. Possibly a dual fuel (second fuel,
high octane gasoline or alcohol) or an octane improving
concentrate approach could be taken.

Recommended Action: Develop a practical solution to the
octane problem and determine the practical compression
ratio. At this compression ratio quantify the economy
advantage. If warranted, proceed with component develop-
ment and paper studies to determine the optimum system.
Build and test the "optimum" system.

Rank:

Estimated Effort:

Impact on Resources: Fuel saving of 10 to 20 percent.

Environmental and Ecological Impact: Unknown

Conclusions and Recommendations:
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